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FREE-SPINNING WIND-TUNNEIL TESTS OF A LOW-WING MONOPLANE
WITH SYSTEMATIC CHANGES IN WINGS AND TAILS
I. BASIC LOADING CONDITION

By Oscar Seldman and A. I. Nelhouss
SUMMARY

A serles of tests was made in the N.A.C.A. free-
spinning tunnel to determirne the effect of systematic
changes 1ln wing and tall arrangement upon steady—spinning
and recovery characteristicses of a conventlionel low-wing
monoplane model for a baslic loading condition. Eight
wings and three talls, covering a wlde range of aerodynan—
lc characteristics, were independently ballasted so as to
be interchangeable with no change in mass distribution.
For each of the 24 wing~teill combinations, observations
wvere made of steady spins for four control settings and of
recoveries for five control manipulations. The results
are presented in the form of charts comparing the spin
characteristics.

The results showed that, with a poor tall arrangement,
wing plan form and tip shape had considerable effect on
the spinning characteristics. A wing with rectangular
prlan form gave noticsably steeper spine and faster recov-
erles than the same wing with Army tips. Poorest reoov-
erieg were obtained for a wing with 5:2 plan~form taper
and no thickness taper; rapid reocoveries were obtained
with & wing having 2:1 taper in both plan form and thlck-
ness. For all the wings tested, satisfactory recoveriles
could be obtained by the use of a tall with a deepened
fuselege and a ralsed stabllizer. Holding the elesvators
up resulted in the steepest spins from which, by reversal
of both controls, the most repld recoveries were obtained.
Steepest spins were generally, though not always, assocl-
ated wlth most rapid recovery, but there appeared te be no
relation between the sideslip of the steady spin and the
turns required for recovery.



2 NeA.C.A, Technical Note No. 6508
INTRODUGCTION

As a rTesult of extenslve research performed in recent
yecrs in flight, on spinning balances, and in free-spinning
wind tunnels, a considerable body of data (references 1 to
14 as well as unpublished results from the N.A.C.A. free-
splnning tunnel) has been accumulated regarding the effects
of inertfal and dimensional modifications on the spinning
propertles of specific airplanes. The informetion availa-
ble et present is not, however, sufficlent to predict ac—
curately the spinning characteristice of an untried air-
plane design and actual full-scale or model testing must
be resorted to, unloss the deslign incorporates extreme
featuros known to bo boneficial in the spin.

In order to secure moro comprehensivo data that might
form the bagls for deoveloping dosign criterions, the
Ne.AeG.4. has underteken a systematic investigation of which
the tosts heorein reported constitute tho first part. Tho
gonoral plan is to detorminoe, by major indepondont varia-
tions, vhich of tho dimensional end mase charactoriptice
most greatly affect the spin. Tho offocts of some minor
changos will subsoqueontly bo investigated.

It is plannod to supplemont the preliminary investi-
gatlon of a low-wing monoplane by brief tosts to show com-
parative effects with a high-wing monoplane and ultimately
to extond the investigation to biplanes as weoll,

The major ying varlables selectod include tip shape,
gection, plan form, and flaps. Tho program included teats
of an Army standard tapered wing (reforence 15) that com-
bines chonges in plan form and thickness. The three togt~
ed tall arrangements range from a combination utiligzing
full~length rudder and raised stabllizer on a considerably
doeponod fuselage, designod to be oxtromely officiont in
providing yawing moment for rocovory, to a more nearly
convontional type with rudder complotely adove a shallow
fusolago and bedly shielded by the horizontal surfacea.

The present report gives results of tests of eight
wings and three tails for the basic loading condition.

The basic loading condition is representative of an
average of values for 21 American sirplanes for which the
moments of lnertla were avallable. Xight other loading
conditions to be investigated involve independent varia-
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tions of relatlve density, center-of-gravity location, and
moments of Inertla. The range to be covered is based on
tho values for thesc alrplanes.

APPARATUS AND METEODS

A general description of model consftruction and spin-
tost tochnique in the N.A.C.A. freo-spinning ftunnel l1s
glven in roforence 1l. Since the publication of roference
11 it hos been found possible to expedite testing by launch-
ing models dlrectly by hand, obviating the use of the
launching spindle.

The models are made of balsa, reinforced with gpruce
and bamboo. In ordor to ssescure lightness, the fuselage
and wings arc hollowed out as necessary, eoxtornal contours
bolng malntalned by means of silk tissueo paper oa reinforc~
ing ribs. Thoe desirod loading is attained by tho proper
distribution of load welghts.

As can be soen in figures 1 to 5, the wing and tail
unlts were .lndependently removahle and interchangeable to
pormlt tho testing of any comblnastion. The wings and
talls were also independently ballasted so that exchange
of unlts could bo made without change in mass distridbu-
tilon.

A clockwork delay-action mechenism wag instelled %o
actuate the controls for recovery, simulatlng the rapld
motions that would be imparted by a pllot.

The low-wling monoplane model was not scaled from any
particular ailrplane but was deslgned simply to be a rep-
resontatlve low-wing cabin monoplane with cowled radial
engine and with landing gear retracted. Over-all dimen-
slons are glven in filgure 1.

For convenience in making comparlisons the model may
be considored to be a 1/15-scale nodel of elther a fighber
or a four-wplace cabin alrplane, tosted at an altitude of
6,000 feet: In this case the full-scale characterlstics
with the baslic loading end tail © would be:

Welght (W) 4,720 1b,

Mean chord (ec) 75 in,



4 N.Ad:.C.A. Tochnical Noto No. 608

Span (b) L] [ ] [} L] ] [] [ [ ] . - [] [] 37.5 ft-
Wing arou. (s) L] L] - . L] . [ ] [ L] L] 234.4 Bq. ft'
Agpoct ratdo . . 4, ¢« . ¢ ¢« . . . B

Distance from c.g., to elovator
hinge . - L ] ., e @ [ ] [ [ . L] . . 16.6 ft.

Distance from c.g. to rudder -
hinge ¢ ¢ ¢ o ¢ o ¢ & « « + o « 16,9 £t.

Fin orea =« » ¢ « o« « + » « s o « 648 8gs ft,
Budder area . « « ¢ + + o « « +» 6.9 Bg. £%.
Stablligor area « « + ¢« « + .+ .« . 19,8 sq. T,
Blevator area .+ o« » o o « s » « «» 12.9 8q. ft.
Control travel . . . « & « . . » Rudder: £30°

Elevator: 303 up,
20" down

Principal moments of inertia:
A e v s e e e e e e e e e e . 2,760 slug-ft.?
B 4t v o & ¢ ¢ @« « o « o o s v « 3,970 slug~ft.8
C « v ¢ + ¢ ¢ ¢ o o s s e« s« s +» 6,150 Blug~ft.2

I/O L] . L] L] [ ] . L L] L) . v - LJ . 0I25

B/G ¢« « ¢« « 4« e s 4 e ea .. O

Tho quantity x/c 1is the ratio of the distanco of the
center of gravity back of the leadlng edge of the mean
chord to the mean chord; and z/¢ 1e the ratio of the dls-
tance of the center of gravity below the thrust line to the
mean chord,

Pigures 1 and 4 show the model with the basic wing
(wing 1) and the smallest teil (tall C) installed. This
wing 1s of N.A,C.A. 23012 section with rectangular plan
form and Army tilps. (The tip contour ias derived as de-
scribed in reference 16.,) In common with the sevon other
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wings tested, it had ean area of 150 square inches, & span
.0f 30 inches, and no dihedral, twist, or sweepdback.

The seven remaining wings (figs. 2 and 5) have variled
dimensgional characteristics as follows:

Wing 2: N.A.0.A. 23012 section, rectangular wlth
Lrmy gipe, 20 percent split flaps deflect-
ed 60 ‘e -

Wing 3¢ N.A.C.A. 23012 section, rectangular with rec-
tangulaer tips.

Wing 4: ¥.A.C.i. 23012 gection, rectasngular wilth
faired tips.

Ting 5: N.A.C.4, 0009 section, rectangular with Army
tips. .

Wing 6: N.A.C.A. 6718 sectlon, rectangular with Army

Wing 7: N.A.C.A. 23012 gection, 5:2 taper with Army
tips.

Wing 8: N.A.C.A. 23018-«09 section, Army standerd plan
form (square center sectlon; 2:1 taper in
both plan form and thickness, and rounded
tip).

The three talls tested are designated 4, B, and 0.
The conventlonal arrangoment of a shallow fuselage wilth
rudder completely ebove tho tall cone 1ls represented by
tall C. The dimensional characteristics of this tall are:

Vertical taill aroca, 6 percont wing area (3 percent
rudder and 3 percent fin).

Fuselege side area, back of leading edge of stabilliz-
er, 2 poercent wing area.

Vertical tail length (from guarter-chord point io
rudder hinge axis), 45 percent wing span.

Horlzontal taill area, 14 percent wing area (5.5 per—
cont eslevator and 8.5 percent stabilizer).

Horlzontal tall length (from quarter~chord poilnt to
elevator hinge axis), 44 percont wing sepan,
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Tall B (figs: 3 and 5) was derived from tall 0 by in-
creaslng the fuselage depth, raising the stabllizer and
elevators, and installing approximately the oXiginsl fin
and rudde¥ atop the deepened fuselage.

For tall B wlth the pame tall lengths as tail G, the
¢imensional characteristics are:

Vertlcal tall area, 6 percent wing arsa.

Fuselage slde ares, 5.5 pefcent wing area.

Horlzontal tail area, 14 percent wing ares.

Tall A (figs. 3 and 5), with same tall lengths as for
B end €, was simllar to tall B except for full-length

rudder construction and slightly increased elevator cut-outb:

Vertical tail area, 8.0 percent wing area (56 percent
rudder and 3 percent fin).

Tuselage slde area, 3.4 percent wing area.
Borlzontal tail area, 14 percent wing area.

The model loading (for the esguivalent test altltude
of 6,000 feet) corresponded to the following mass-distri-
bution parameters at zero altitude (p = 0.002378):

L
gp5ShH

= 7

=
]

ec-n -
E =3 - o0.64

C - A
%L = 8,7 (where ky 1is the radlus
X of gyration about the X axis)
x/e = 0,25

0

1
~

o

i
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RESULTS AND PRECISION

For each wing and tall comdbinatlion, spln tests werse
made for four control settings:

(a) rudder 30° with the spin and elevators neutral..

(») rudder 30° with the spin end elevators 20° down.

(¢) rudder 30° with the spin and elevators 30° up.

(d) rudder neutral and elevators neutral.

Recovery fron conditions (a) and (b) was sttenpted by re-
versal of the rudder, from (c) by conplete reversal of

both controls and also by neutralizing both controls, and
fron (4) by nmoving both controls to fully deflected against
the spin. All tests were for right spins.

The angle of attack a, angle of sideslip B (posi-
tive invard in a right spin), turns for recovery, spln co-
efficient 0b/2¥, and rate of descent ¥V are plotfted in
12 charts (figs. 6 to 17) grouped so as to pernit ready
conparison of the effects of tip shape, section, plan forn,
fleps, and Arny wing.

The date on these charts are believed to represent
the true model values within the following linits (see ref-
erence 11):

L 1
B v v v v e e e .. E1u1/2°

Turns for recovery . . *1/4 turn
& ... ... %3 percent

¥ & ¢« ¢« ¢« « v o +« + . *¥2 percent

For certain spins that are difficult to. control in the
tunnel, owing to high air speed or wandering notion, the
foregoing linilts nay be exceeded.
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DISCUSSION

Togte with teil A (figs. 6 to 9)«.~ A comparison of
tho results glven in figure 6 for tail A and different
wings (for rudder 30° with and elevators neutral) shows
that the rectangular wings with rectangular or faired tips
(wings 3 and 4) gave the steepest spins (a = 47° compared
with 60° for the flattest) and the fastest recoveries
(1~1/2 turne). The wing of N.A.C.A. 6718 section (wing 6)
gave the least outward eideslip; the wing with 5:2 taper
(ving 7) and the wing with flaps (wing 2) gave the slowest
recoveries (4 turns).

With elevators 20° down (fig. 7) the spins were very
simlilar %o those for elevators neutral. Elevators up
(flg. 8) definitely steepened the spins (by about 8% for
the flatter spine) and gave rapid recoveries by reversal
of both controls. WLth controls neutral (fig. 9) a spin
could be obtalned only with the 5:2 taper wing, the model
recoverling of its own acocord when forced into & spin for
all other ocases, :

For all control settings, rectangular and faired tips
gave the steopest spins and best recoveries (no more than
1-1/2 turns). The wing of N.A.C.A. 6718 section gave the
least outward sideslip of all wings and a slightly lower
angle of attack than the two comparable wings of N.A.C.d.
23012 and of N.A,C.A. 0009 sectlons, but eirfoil gesction
had no opparent effect on the turns for recovery. The
poorest recoverles were obtained for the wlng with flaps
and tho wing of 65:2 taper but the Army tapered wing {(wing
8) was similar in behavior to the basic rectangular K.A.C.A.
23012 wing with Army tips (wing 1).

Tests with tail B (figs, 10 to 13).~ Figure 10 gives

regults for the varlous wings with tail B for rudder with
the. spin and elevatore neutral and showe genersl agreement
with the results for tall A (flig. 6) except that the spins
were roughly 10° steeper. This result is not unexpsected
ag the control position might be interpreted as resulting
from neutrolizing the lower half of the full-length rudder
of teall A.

As with taeill A, the rectangular and falred tips gave
the steepsst spine. Although the rate of degcent was too
great for complet's teating of the model, 1t ie belleved
that recovery would have been rapild.
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With elevators down (fig. 11) the spinse were similar
to those for elevators neutral. (The rectengular wing
with folred tips appeared to give a critical spin condle
tlong the model would somotimes contlnue to spin but gen~
erally would recover of its own eccord after a number of
turns.) Deflecting the elevators up (fig. 12) steepensd
the spin, making it, in general, too fast and oscillatory
to be maintalned in the tunnel,

¥ith both controls neutral, tall B is almost 1dentl-~
cal 1n configuration and dimensione with tail A except for
the sllightly larger elevabtor cut-out of tall A. As might
be entlclipated, the steady-spin resulte in figure 13 are
almost ldentical with the corresponding results given for
tall A in figure 9: a spin could be obtalned only for the
cagse of the wing of 5:2 taper. It is worth noting that,
wlth tall B, for both controls neutral, several of the
wings (1, 6, and 8) appeared to glve inconsistent results
and additional tests were therefore performed. It was oOb-
served that, although s steady spin could sometimes be
cbtalned by the use of extreme care in lgunching, the model
generally would not spin. The spparent slight inferlor-
1ty of tail B as compared with talil A is possibly attrib-
utable to the relatively larger rudder-shielding effect
due to the smaller elevator cut-out of tail B,

For all control settinge the rectangular wing wilth
rectangular or falred tips agaln gave the steepest spins
and the qulckest recoveries and the N.A.C.A. 6718 wing
gave the least outward sideslip. For controls with the
spin there was little other effect of section, and the
flaps again retarded recovery. 4s before, the wing of
5:2 btaper gave poorest recovery, but the Army standard
tapered wing was satiefactory.

Tests with tall G (figs. 14 to 17).- With tall C the
effects of individual wing differences were more apparent.
Figure 14 (rudder with end elevators neutral) agein shows
the gteepest spins (a = 40°) and quickest recoveries (2
turns) for rectangular wings with rectangular or falred
tips. By comparison the Army tip (o = 60° and lO~turn
recovery) was considerably poorer.

48 before, the N.A.C.A. 6718 wing gave the least out-
ward sldeslip. There i1g o definite effect of section on
recovery, N.L.C.A. 0009 being the best (6 turna) and
NeAoC.A. 6718 the worst (no recovery) although the angle
of attack was smaller for the N.A.0.A., 6718 than for the
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other two sections. The 6:2 taper and flaps are agaln ad-
verse, glving no recovery.-

Tlevator~down spine (fig. 15) were very sinilar to
elevator-neutral splns except that recovery weas, in gener-
al, sonmevhat faster. Deflecting the elevators up (fig.

16) steepened the spin, naking 1t difficult, in sone cases,
to teat the nodel in the tunnel. (Recovery was conslder—
ably nore rapid vhen the controls were reversed than when
they were nerely neutraliged.)} With both controls neutral
(fige. 17), sping could not be obtained for the wings with
rectangular and falred tips. B

For all control settings the rectangular wings with
rectangular or faired tipe gave the steepest spins &nd
nost rapid recoveries. The N.A.0.A: 0009 wing gave fair
recoverles, but the remaining wings were unsatisfactory
with tall O, except for the case of complete reversal of
both controls from fully deflected with to fully deflected
egainst the spln, a procedure thaet gave good recoverles
for all except the wing with fleps.

CONCLUSIONS

By & comparative analysis of the data presented, the
general effocts of wing or tail arrangement and of con-
trol posltion and the apparent relationships between spin
characterlstics may be dstermined_-for the basic loading
condition,

Effocts of wingg:

1, Tip shape.~ Rectangular and falred tips give the
steepest spins (a < 48°) and the most rapid recoveries
(turng <" 2-1/2), The Army tip gives consistently flatter
spins (o to 60°) and slower recoveries (to 10 turns).
Thers 1s no consigtent effact of tlp shape on sideslip.

2e. Sectlon.- With tall 0 the N.A.C.A. 6718 wing
glves a steeper gpin than the other two sections dut no
recovery; the N.A.C.A. 0009 mectlon gives falr recovery,
and the 23012 gection gives poor recovery. The N.A.C.4.
6718 section consistently gives the least outward sideslip.

3. Flaps.— Flaps tend to retard TecOvVery.
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4, Plan form.- The wing of 532 taper consisbently
gives the poorest recoveriese.

5. Ar tgnd ing,~ The Army standard wiang 1ls
equal to or slightly better than the rectangular wing

with Army tips.

Bffectg of %gll arrangenment:

For controls with the spin, tall B gives steeper
spins than teil A and recovery is generally satisfactory
for elther tail. Tall C generally glves slower recover-
1es than elther talls A or B.

EBEffects of control settingg:

1, TFor certain wings, recovery is slightly more rap-
id from spins with elevators down than from spins with el-
evators neutral, but in general there is little differ-
ences

2, Holding elevators up results in the steepest
spins from which, by reversal. of both controls, are ob~
talned the most rapld recoveries.

Relationships between spin characterlistics:

l. ©Steep sping are assoclated with high rate of de-
gcent cnd low OQb/2V.

. 2. There appears to be no direct rolationship beiween
sideslip of the stoady spln and turne required for recove
ery. . .

3. Bxcept for the case of the N.A.C.A. 6718 wing with
tail O, stoeper spins are assoclated with fastor recover-
les,

Langloy Memorial Aeronautlcal Laboratory,
National Advisory Committee for Aeoronautics,
Langloy Fleld, Va., July 15, 1937.
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Wing 1- 23012 rectangular with Army tips. T
Wing 2- 23012 with 20 percent full-span split flaps at 60°.
1
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Wing 3- 23012 rectanguler with rectengular tips., 48"
Wing 4- 23012 rectanguler with falired tips. _j,_ )

)

Wing 5- 0009 rectangular with Army tips (plan same as@
\ _/ _.-1.02“
Wing 6- 6718 rectanguler with Army tips (plan same as 15;

7.30" g n 2
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=L F
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Wing 7- 23012 ©5:2 taper with Army tips.

-
1.15" , 29"
e — —‘ﬂﬁ‘:’
f
Wing 8~ 23018-09 standard Army wing
(2:1 taper, square center).

Figure 2.~ Wings used on low-wing monoplane.
R.A.C.A, wing sectlions.
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Tell A Tall B Tall C

Figure 3.~ Tails used on low-wing monoplane,
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(1)lug-1mda (2) Wings 3 and 4, (3) Wing 5,
- (4) Wing 6 (5) Wing 7 (6) ¥ingB. &
65 Low-wing monovnlane wings. y

(b) Plan view,
Mzure 4. - Low-wing monoplana mde'.l..
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(%) (1) Tsil A, desp fuselage and long rudder.
(2) Tall B, desp fusslage and shori ruwider.
(3) Tall C, shallow fuselage and short rudder.
(8) (1) Rectsngular wing with Army tips, (2) Bectangular wing with interchangesble rectangular and
(3) 6:2 tapersd wing with Aray tips. faired tips.
(4) 2:1 Army atandard tapered wing with squere cemter.
Mgure 5.~ Interchangeable wings and tails of low-wing monoplane model.
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Figure 8 .-The effect of various wings on the spin charao-
teristiocs. Basic loeding oondition; tall A, Tudder 30° with,
elevators 30° up , ailerons 0° (Wing has reotangular plan
form, Army tips, N.A.0.A.33013 section, except as noted.)
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Figure 10 .-The effeot of various winge on the spin charac-
teristios. Basio loading condition; tall B, rudder 30° with,
elevators 0° , ellerons 0° (Wing has rectangular plan
form, Army tips, N.A.0.A.33012 section, except as noted.)
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Figure 11 .-The effect of various wings on the spin charao-
teristics. Basic loading condition; tall B, rudder 30° with,
elevators 20° down, allerons 0° (Wing has rectangular plan
form, Army tips, N.A.0.4.33012 section, exoept as noted.)
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Figure 12 .-The effect of various wings on the spin charac--
teristios. Baslc loading condition; tall B, rudder 30° with,
elevators 300 up , allerons 0° (Wing has rectangular plan
form, Army tips, N.A.0.A.33013 seotion, except as noted.)
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Figure 14 .-The effect of variocus wings on the spin charac—
teristlios. Basloc loading oondition; tail 0, rudder 30° with,
elevators 00 » allerons 0° (Wing has reotangular plan
form, Army tips, N.A.C.A.33013 section, except as noted.)
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Figure 15 .-The effeot of various wings on the spin charac—
teristioa. Basio loading condition; tail 0, rudder 30° with,

elevators 30° down, ailerons O°
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Figure 18 .-The effect of various wings on the spin charac-
teriastios. Basic loading ocondition; tall 0, rudder 30° with,
elevators 30° up , sllerons 0° (ling has reotangular plan
form, Army tips, N.A.0.A.330123 seotion, exocept as noted.)
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Figure 17 .-The effect of varicus wings on the spin charac-—
teristios. Baslc loading condition; tail O, rudder 0° with,
elevators 0O , allerons 09 (Wing has reotangular plan
form, Army tips, N.A.0.4.33013 seotion, except as noted.)



